Approved For Release ST AT, 
2009/08/26 : 

CIA-RDP88-00904R0001 001 1 0 



Approved For Release 


2009/08/26 : 

CIA-RDP88-00904R0001 001 1 0 




Third United Nations 
^ International Conference 
on the Peaceful Uses 
^ of Atomic Energy 


A/OON !''„.' ((/!'/ 37 L- 
llSSlt 

'.lay 

Urif^iriul! ENGLISH 


Confidential until official rolooso during Conference 


EXPERIMENTAL STUDY OP SOME METHODS OP 

COMPENSATING EXCESS REACTIVITY IN INTERMEDIATE 

REACTORS. 

V. A. Kuznetsov, A.I.Mogilner , L. A, Chernov, V.V.Chelnmov, 

V.I.Sharadin. 

The work which is in part discussed in this paper aimed at 
analysing, in a comparative way, three possible methods of compen- 
sating excess reactivity in an intermediate reactor so as to de- 
termine their potentialities, advantages and drawbacks: 

a) by means of a system of absorbing rods; 

b) by means of control cylinders placed in the side reflec- 
tor with their surface partially covered by a layer of absorber 
(See Refs. 1 and 2); 

c) by separating two halves of the core in height. 

No generality is chaimed for the absolute values of reactivi- 
ty changes and distortion of the fields cited in the paper due to 
the obvious fact that such values are dependent on the size and 
composition of the core and reflectors as well as on the neutron 
spectrum in the reactor. 

The experiments described below were carried out on tlie 
PP-4 assembly designed for studying the physical characteristics 
of intermediate reactors; the detailed description of this assem- 
bly is given in Ref. (1). 

Reactivity changes were measured during the experiments by 
the reverse counting method and by method of increasing the core 
height. 

The first method was used in subcritical experiments. It is 
based on a well-known equation which relates the changes in the 
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counting rate of an external detector (N^-N^) to the changes of 
reactivity (a K) in a subcritical system with a source: 

(O 

Coefficient C was found with the help of a reactivity etandaiM - 
one of the regulating rods of the reactor. In the course of the 
experiments the value of C varied quite substantially due to 
the distortions of the neutron fields in the reactor. To elimi- 
nate the resultant error C was measured for e^oh condition of 
the system. 

Under the second method the negative reactivity given to a 
critical reactor was mainly compensated by addition to the core 
of fuel and moderator layers (in the same ratio as in the core) 
previously calibrated in the units of reactivity, and, to a les- 
ser degree, by small displacement of the regulator. 

The neutron flux distribution in the core was measured with 
the help of a small-size fission chamber having an outer diame- 
ter of 7 mm. The measurements were made at a power level of 
about 25 mW maintained ty automatic regulator APPM (Ref.l), the 
ionization chamber of the regulator being used as a monitor. 

The small diameter of the fission chamber enabled it to be placed 

between the tubes so as to minimize the field distortion in mea- 
surement s . 

Experimental Investigation of Mutual Effect (interference) 

of Absorbers 

A considerable amount of excess initial reactivity has of- 
ten to be compensated by a large number of control rods-absor- 
bers. Physical investigation of such reactors is hampered by the 
difficulties in determining the reactivity margin, due to mutual 
interference of the control rods as a result of which the full 
reactivity margin actually differs from the stun of control rod 
worths mesured separately in an initially critical reactor. 

A special experimental study was undertaken on the PP-4 
assembly to investigate the mutual effect (interference) of two 
absorbing control r ods in uranium-beryllium assembly (PP-4-16) 


x) 


The work was participated in by I.G.Pashkin. 
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Without reflector 
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The cylindrical control rods 20 mm in diameter contained bo- 
ron carbide with boron density of 1.7 gr/cm^. One control rod 
(No,l) was placed near the centre of the core, while the other 
was capable of radial displacement. Measurements were carried out 
in subcritioal experiments. 


The interference teimi was measured using the following tech- 
nique, First the worth of one rod (rod No,1, for example) 

was measured in the absence of the other rod; then the worth f 
of the same (1st) rod was measured in the presence of the other 
rod. The interference termjD ^2 describing the effect of the se- 
cond rod on the worth of the first was found from the relation: 


■ ^10 4 1 ; 


( 2 ) 


The worth of the second control rod in the presence of the 
first is equal to: 

The total worth of two control rods j ^^2 equal to: 


( 3 ) 


whence 






(4) 




When studying the interterence a relative unit of reactivi— 


fL 


ty was used; this unit represented the worth of the assembly re- 
gulator per centimeter of the linear portion of its characteris- 
tics, The results of the measurements are summarized in Table 1, 


The results of the experiments were analysed on a simple 
assumption that if A is relatively small j^)» i'ts 


jr - ■ - - 1C. J Jiff* 

value is proportional both to J and to j^20* proportio- 


nality factor depending on the distance ^J ^2 control 

rod axes: ^ r 

^12 * i^O J ^20 


jfig,-^ shows the experimental points which were calculated 
on the basis of the data given in Table 1 with the help of rela- 
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tion C5)« The analysis of these data prompts the following conclu- 
sions : 

a) the pertui’bation introduced by bhe central ccntrol rod 
extends to the entire reactor; 

b) when distance between the control rods Is small their to- 
tal effectiveness Is below the sum of unperturbed worths of these 
control rods; 

c) beginning with a certa distance (in the given case it 
is 164 mm) the interference term changes its sign; 

d ) the dependence of the factor f (x) a A ^ ^7 /10 20 

the distance is almost linear* Deviation of the propoitionality 
factor f(x) from the linear dependence towards higher values of 
A (x) at short distances may be explained both by the fact thab 
in this case the inequality is satisfied in the least deg- 

ree and by the fact that the worth of the second control rod is 
additionally det reased by the shadow effect of the first rod. 


Table 1 , 


Distance between control 
rods (mm). 

20 

36 

73 

109 

1/<6 

182 

Efficiency of a single 
rod (linear cm). 

216 


191 

148 

110 

77 

Inteirferentional term 

A ^^( linear cm). 

-95 

-67 

-34 

-21 

- 8 

3 


Tbe conclusion cited above refer to two control rods one of 
which is capable of radial displacement* Howeverj the applicab"’ — 
lity of these conclusions is much wider* Pig* 2 gives the data ob- 
tained on PP-4 assembly (with the same ratio fv. , assemb- 

ly PP— 4-17) with the excess reactivity compensated by a group of 
control rods* In analysing the results of the experiments it was 
assumed that the combined effect of group of control rods on one 
of the rods can be treated as superposition of the effects of 
each rod in the group. In other words, it is assumed that if 
the inberference is mainly accounted for by the twin interaction, 
i*e« the interaction of two control rods is not affected by the 

presence of other control rods* 
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Curvo 1 in Pig, 2 shows ^ ^ ^ ftmction 

of the distance between the control rod axes with the worths ^ ^ 
andJ^j^ measured in the presence of other control rods of the 
group. The linearity of waixants the use of the superpo- 

sition principle and can be employed for statistical alignment 
of the values of -A and sometimes for their prediction. 

Assuming that the distance between the control rod axes is 
sufficiently great to cancel the "shadowing" and that the depen- 
dence of f(x) is linear a square symmetrical matrix with diagonal 
terms A can be composed from the values of A relating 

to two control rods (i,]c); in this case is the worth of the 

i-th control rod in the absence of all other control rods. The 
number of rows and columns of the matrix is equal to the number 
of the control rods. The part of the reactivity accounted for 
by some (i-tb) control rod is equal to the sum of the matrix ele- 
ments in the corresponding (i-th) column or row: 

^ tie 




fC. 


( 6 ) 


When some control rod is removed the corresponding column 
and row must be stricken off. To obtain the effetiveness of the 
entire group of the control rods the diagonal terms and all terms 
above (or below) the diagonal must be summed up. 

It can be easily seen that the measurement of 
and makes it possible to determine the value of from 

the relation (6). Curve 2 in Pig. 2 shows the dependence f^(x)« 
Aik/ jO The two curves can be well approximated by 

straight lines Intersecting the X-aiis at the same point. 


Investigation of Reactivity Control with the Help 
of Control Cylinders* 


The experiments were carried out on the reactor IP- 4-10 
(Ref. 3) with the core diameter of 417 mm and the ratio i^/ 
equal to 106. The equivalent thickness of the side beryllium ref- 
lector was 140 mm. The mookup of the control cylinder was designed 
as a hexagonal prism huilt up from 19 standard, al umin ium ohannels 
375 
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(tubes) 50x1 mm dla* (Pig* 3). Six channels airranged in the outer 
row of the prism housed containers with boron carbide ( "Tf m 
1*06 gr/cni ) which simulated the absorbing layer of the control 
cylinders* The height of the absorbing layer was equal to the 
height of the core. The remaining 13 channels were the convent io- 
ixal channels of the beryllium reflector* The construction of the 
mockup provided for changing the thlclmess of the absorbing lay- 
er (5 and 10 mm), varying the curvature of the absorber, forming 
an air gap between the core and the control cylinder and turning 
the control cylinders discretely in steps of 30°, Turning of the cO' 
ntrol cylinders was simulated by the successive rearrangement of 
the channels with the absorber. 

Pig, 4 schematically shows the control cylinders in various 
positions* To find the effectiveness of the control cylinder 
with a so-called "neutron trap" three conventional channels filled 
with paraffine to the height of the core were Installed i n the 
control cylinder behind the absorbing layer. All experiments were 
carried out with single control cylinders, 

a) Effectiveness of Control Cylinder Versus 
Turn Angles* 

Table II and Pig* 5 summarize the measurements of the cont- 
rol cylinder effectiveness as a function of the turn angle, 
which were carried out atthe assembly pp-4-10 for a single control 
cylinder with the absorber curvature 0 ■ 180° and absorber 

5 mm. The effectiveness of the control cylinder 
K 1 , 5 * was found as the change in the system reactivity caused 
by turning the control cylinder from the position of the minlnmm 
system reactivity at » 15° (when the absorbing surface of the 
control cylinder is at a minimum distance to the core) to positi- 
on 'P * 

These experiments were also used to determine the effect of 
the air gap between the core and the control cylinder on the cylin- 
der effectiveness. For this purpose containers with horon carbide 

were removed from the soekups and reactivity changes were measu— 

375 

- 6 - 


Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5 





Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110022-5 


T a b 1 e II. 


Compensation capacity of cy- The same without 
iinder ^ />c| t g reactivity by 


Control cylinder 

rod position (deg.) ^hod of Inreyiie^hoi of 


>(> 


oe count 


add loading air gap 
of fuel 


15" 

30° 

60 ° 

90° 

120 ' 


(375°) 

( 0 °, 360 “)=^) 


(330°) 
( 300 °) 
( 270 °) 


150° (240°) 


180 

195‘ 


( 210 °)^^ 


0.00 

0,06 

0.785 

1.685 

2.51 

3.17 

3.84 

3.90 


0.00 

0.06 

0.79 

1.85 
2.74 
3.28 
3.77 

3.85 


0.00 

0.06 

0.575 

1.255 

1.764 

2.31 

2.91 

2.97 


^-^The reactivity change is obtained with the interpolate 
curve when cylindrical rod positions vary from 30° to 15 and 
from 180° to 195^. 


.30° to 


red with the control cylinder turned from position 
position ^ - 180° in steps of 30°. These measurements made it 
possible to determine the characteristics 

control cylinder with and without consideration of air gap. The 
"spurious" reactivity from the control cylinder was found by the 
change in the critical position of tlie regulator with the cont- 
rol cylinder mockup inserted into the reflector of an unpertuiv 
bed reactor in the position of the ma-zimum system criticality 
('Pa 210°); the spurious reactivity equalled 0.32^. 

The data given in Table II ejid Pig. 5 indicate a substantial 
agreement between the measurements ojf the control cylinder effec- 
tiveness made in various positions of the cylinder by the accep- 
ted methods. The discrepancies in the measurement results are 
within the accuracy tolerances of the experiments. 

b) Effectiveness of Control Cylinder Versus 
Absorber Cuirvature. 

The qualitative analysis of the changes of the effeetivensss 
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of "thio control cylinder depending on the cuirvature of the cylin- 
der absorbing surface points out to the existence of an optlmuin 
curvature which provides tlie maximum effectiveness of the control 
cylinder at minimum "spurious" reactivity. To find the optimum 
curvature of the absorber experiments were staged on assembly 
PP-4— 10 to find the reactivity changes brought about by the cont- 
rol cylinder in the positions of the minimum and nuiximum system 
reactivity for the cylinder m;: 'ps with the absorbei" curvature 

0 = 180 y 1 50 and 120 at S =«=5mm» The absorber curvo.turo 
was varied by substitiit Ing the channels containing the absorber 
with the usual cliannols of tlie beryllium reflector. 

The results of the measurements made on the assembly PP-4- 10 
are given iu Table III. The tabular data show that out of the 
three curv;: Inrcs the optimum curvature of the control cylinder 
absox-ber fc^ tiie reactor PP-4-10 is approximately 120*^; the cylin- 
der with th I. s ci-Tvcture lias the maximum effectiveness and minimum 
"spurious" read. '■'-ity. Analysing the reactivity change brought 
about; by the contro; linder in the position ■ 0 it can be 
t.*pected that fur"’’ . r reduction of the absorber curvature will 
result in the decreaseo L'fectiveness of the cylinder. 

o) Effectiveness i. Control Cylinder Versus 
Absorber Layer Thickness 

The variation of the effectiveness of the control cylinders 
as a function of the absorber layer thickness was studied on the 
assemhly PP-4-10 . The measurement results indicate that th© ef- 
fectiveness of a control cylinder with the absorber curvature 
^ =» 150° increases 1.27 times as the thickness of the boron car- 
bide layer is increased from 5 to 10 mm. 

d) Effectiveness of Control Cylinder with 
"Neutron Traps". 

The experiment was carried out on the assembly PE'-4-10 with, 
a control cylinder mockup having the following characteristics : 

0 Br»i80°, 5 mm. It has been established that three paraf- 

fin-filled channels placed in the control cylinder behind the 
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bwron carbide Inoreased the offectivenesB of the control 
1^. This waa attended by an increase in the 

K A K ^ 

negative "api’i’icua" reactivity equalling 0,12%* 


layer ol 
cylinder by 


e) Piasion Density Distributions Along the Core Eadiua 
In Various Fositions of the Control Cylinder* 

It can be assumed that the contiH)! cylinder does not produce 
any appreciable distortion of the distribution along the height 
of the oore* Therefore the experiments were confined to studying 
the distortions of the neutron field along the core radius and 
along the core boundary in the area where the control cylinder 
was located. The distributions were measured both for an uni)ertur^ 
bed system and for perturbations introduced by a single control 
cylinder in the positions -270° and ^ -30°, The position of 
the chamber in height corresponded to the ctntre of the oore. 

The results of the distribution measurements in the directi- 
on "core centre- control cylinder centre" (AA' in Pig* 3) are shown 
in Pig, 6. Since tm distribution measurements in various positions 
of the control cylinder wore made at different power levels the 
fission density distributions were referred to the value in the 
core centre. 

Pig, 7 shows the fission density distributions along the pe- 
rimeter of the core in the area where the control cylinder is lo- 
cated; these distributions are referred to the value of the fissi- 
on density in the oore center unperturbed by the action of the 
control cylinder* 

Investigation of Reactivity Control hy Core 

Separation, 

The method where by the reactivity was controlled by moving 
apart the two halves of the oore was investigated on assemblies 
TF-Jh-OBf PP-4-13, PP-4-10 and PP-4-12 (with the nuclear concentra- 
tions ^ varying within the rang fro® 0 to 106)* 

The reactivity changes brought about by tbe core separation 
with the resultant increase in the neutron leaVage were meaBured 

in the suboritioal oondition by the reverse oenmting method 
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The effaotlvenesa of core separation Into two halves was 
oompared against the effeotlveness of imlform oore expansion by 
means of air dilution* Suoh oomparison has shown that the values 
of the effectiveness are related to eaoh other as the squares of 
the fast neutron flux in the centre of the core and the average 
value of the flux along the height. This can be understood oonsi- 
derln£ the faot that the portion of the reactivity accounted for 
by fast neutrons escaping through the gap (these neutrons primari- 
ly determine the effectiveness of core separation) is propoartio- 
nal to the product of their flux by Importance, 

Apart from the reactivity changes, a problem that also merits 
attentions is the fission density distribution along the height 
of a core with a horizontal central gap* 

The distribution of fission density along the oore height was 
measured with the help of a fission chamber with 30iDm* separations 
for the assembly PF-4— 09 and 40 mm separation for the assembly 
PP-4— 10, The measurement results are shown in Pigs. 10 and 11, 

The charts given in these figures Indicate that in the core areas 
bordering on the gap and on the side reflector the fission density 
rises due to the inflow of moderated neutrons from the side reflector. 
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Fig. 1* f(x) o aa a fvmo- 

J 4V f 

tlon of the distanoa between 
the control cylinder axes. 



Plgt e. (ourre 1) 

as functions of the distance 
between the control cylinder 
axes. 
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Pig, 3» Sketch of the critical 

aaocrably PP-ft-10 with a con-r 
trol cylinder in the pociti— 
on “ 0*^, 

oource (0 - oteel I'eflectox 
t^J)) - core stack tor stack 
beryllium ref- 
lector stack 

C0- control rod @ - safety nod 
0- BP ^-counter 

f n— Tfos, of the 
points at which the neutron, 
field was measured. 


Pig, 4, Various positions of a 
single control cylinder in 
the oritloal assembly 
PP-4-10 
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Pig 5. CharaoterlBtioB of a con- 
trol cylinder* 

1- method of additional loa- 
ding of core material , 

2- reverse counting method | 

3- characteristic of the 
control cylinder minus 
the effect of the air 
gap. 



Pig. 6, Fission density distri- 
bution measured with \xra- 
nium flslon chamber along 
the radius of the reactor 
PP-4-10 in the direction 
AA (Pig. 3) (referred to the 
value in the core centre). 

1 - unperturbed distribution, 

2 - the distribution for the 

control cylinder in posi - 
tion y' «»»270°, 

3 —distribution for the con- 

trol cylinder in plsitlon 
'f - 30®, 





Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 0022-5 



Pig. 7. PiSBlon density distribu- 
tion measured with uranium 
fission chamber along the co- 
re perimeter of the reactor 
PP-i^-10 In the ares where 
the control cylinder is loca- 
ted, All curves are refeired 
to the fission density in the 
core centre unperturbed by 
the action of the control cy- 
linder, 

1- unperturbed distribution, 

2- distrlbutions for the control 
cylinder in position V’»*270°; 

3- distributions for the control 
cylinder in position 



Pig, 8, Core separation in the rea- 
ctor PP-4-10, 

1 - core, 

2 - beryllium reflector, 

3 - steel reflector, 

4 - intermediate air layer. 
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Plg» 10. Plssion density distribution along the core height in 
the critical assembly PP-4-09 at fiae / = 0 at vario- 
us radial pointS| measured with uranium fission cham- 
ber, The distributions are referred to the value in 
the core centre at zero separation. 

1— r = 29,5 mm (in the core), 

2— r ■ 59.0 mm (at the boundary with the reflector), 

3— r sa118 mm (in the reflector). 
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Pig* 11. Fission density distribution along the core height 
in the critical assembly PP-4-10 at / p^s = 106 at 
various radial points, measured with uranium fission 
chamber. The fields are referred totbthe value in the 
core centre at zero separation. 

1- r = 29*5 mm (point 16 in Pig. 3), 

2- r =147.0 mm (point 6 in Fig.3])> 

3- r= 206 mm (point 3 in Fig. 3). 
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Jig. 1* f(i) m-p — p as a nmcxion oi x 

the oon^roi cylinder axes* 

fig. 2* l(iiV » ■ Q Q (curve 1) and f 


CAPTIONS TO PIGTOES* 

— as a function cf the distance between 


(curve 1) and p— (curve 2) 

as functions'^ of the distance between the o‘(5htro!f cylinder 


Pig* 3« Sketch of the critical assembly PP-/k-10 with a control 
cylinder in the position ^ » 0®, 

- source vH)- steel reflector 

core stack stack 

beryllium reflector stack @ control rod 


stack 

® control rod 
safety rod 
BP^-counter 


(^1,2,3> ' • • »n - Nos. of the points at which the neut- 
ron field was measured. 

Pig. 4. Various positions of a single control cylinder in the cri- 
tical assenbly PP— 4-10. 

Pig. 5. Characteristics of a control cylinder. 

1 - method of additional loading of core material, 

2 - reverse counting method, 

3 - characteristic of the control cylinder minus the 

effect of the air gap. 

Pig. 6. Pission density distribution measured with uranium fis- 
sion chamber along the radius of the reactor PP-A-IO in 
the direction AA* (Pig. 3) (ref erred to the value in the 
core centre). 

1 - unperturbed distribution, 

2 - the distribution for the control cylinder in position 

^ » 270 °, 

3 - distribution for the control cylinder in position 

'4^ - 30°. 

Pig. 7. Pission density distribution measured with uranium fis- 
375 
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Sion chamber along the core perimeter of the reactor 
PP-4— 10 In the area where the control cylinder is located. 
All curves are referred to the fission density in the core 
centre unperturbed by the action of the control cylinder. 

1 - ^lnperturbed distribution, 

2 - distributions for the control cylinder in position 

^ 4 ^ - 270 °; 

3 - distributions for the control cylinder in position 

vp " 30°, 

Pig. 8 .Core separation in the reactor PP-4— 10, 

1 - core, 

2 - beryllium reflector, 

3 - steel reflector, 

4 - Intermediate air layer. 

Pig. 9. Variation of the system reactivity caused by separation 
of the reactors in the PP-4 assembly, 

1 - assembly PP— 4-13, 

2 - assembly PP-4-10. 

Pig, 10, Pission density distribution along the core height in the 
critical assembly PP-4-09 at j^/ =0 various ra- 
dial points, measured with uranium fission chamber. The 
distributions are referred to the value in the core centre 
at zero separation, 

1 - r a 29.5 ram (in the core), 

2 - r 3 59,0 mm (at the boundary with the reflector), 

3-r = 118mm(in the reflector). 

Pig. 11. Pission density distribution along the core height in the 
critical assembly PP-4-10 at ^ ~ various 

radial points, measured with uranium fission chamber. 

The fields are referred to the value in the core centre 
at zero separation, 

1 - r o 29.5 ram (point 16 in Pig, 3), 

2 - r a 147,0 mm (point 6 in Pig, 3), 

3 - r = 206 mm (point 3 in Pig. 3). 
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